thesis. One of the disadvantages of traditional lumbar fusion, however, is the extensive soft tissue dissection that may lead to increase postoperative pain, lengthen recovery time, impair spinal function (3, 7) . In 2005, Jang and Lee (6) proposed a technique of TLIF, involving ipsilateral pedicle screw and contralateral translaminar screw fixation, which was proven to █ InTRODuCTIOn
cause less estimated blood loss and soft tissue injury than conventional TLIF. With the development of minimally invasive procedures, Hsiang (4) recently presented a novel management of unilateral pedicle screw fixation combined with contralateral percutaneous transpedicular facet screw (UPFS) construct that reduced the amount of normal tissue injury further. Nevertheless, there is still insufficient clinical data on this new method globally, especially in the Chinese population. The purposes of this study are not only to demonstrate the feasibility of this surgery by investigating the morphometry of the lumbosacral facets of Chinese adults, but also to compare the relevant parameters between bilateral pedicle screw fixation (BPS) and unilateral pedicle screw -contralateral percutaneous transfacet screw fixation for the treatment of lumbar degenerative disorders. █ mATERIAl and mEThODS
Imaging materials and measurement
The 3D computed tomography (CT) images, including the healthy L3-S1 segments of 60 consecutive adult patients with an equal distribution of male and female, and whose age ranged from 19 to 52 years (average 31.23±6.88 and 30.43±7.33 years old, respectively, p>0.05), were obtained from the database of our hospital. Patients with ankylosing spondylitis, scoliosis, or pars defects were excluded from the study. All patients were scanned using a CT scanner (Brilliance 16; Philips, Inc. USA). The scans contained a slice and spacing thickness of 1 mm each. The data were reconstructed by a software named Xelis 3D (Infinitt, Inc. South Korea). The following facet parameters were measured on the axial planes: the maximum width of superior facet (A) and inferior facet (B), angle of the superior facet relative to midline (α) ( Figure 1A,B ). On the coronal planes, the height of superior facet (C) and inferior facet (D) were measured respectively ( Figure 2 ). Then the starting point was defined as the intersection of a vertical line drawn at the medial aspect of the pedicles with the inferior endplate of the superior vertebra being fused on the AP view (16,17) ( Figure  3A ). The 3D CT imaging planes were concurrently manipulated which allowed the starting point to be observed on the sagittal, transverse and coronal planes at the same time ( Figure 3B -D). The starting point was also observed on the lateral view of the 3D CT imaging, the multiplanar reconstruction mode was used to visually determine the trajectory of the transfacet screw from the starting point to the midpoint of the transfacet (Figure 4 ). On this reconstructed axial plane, the exit point was defined as the intersection of the line drawn across the starting point to midpoint of the superior facet to the lateral aspect of the pedicle. The distance from the entry point to exit point (the trajectory length (E)) was then measured, and the lateral angulation of the transfacet screw (β) relative to the spinous process was measured on the same scan as well ( Figure 5 ).The caudal angulation of the transfacet screw (γ) relative to a line parallel to the inferior endplate of the corresponding superior vertebra, was measured on the lateral view of the lumbosacral vertebrae ( Figure 4 ).Those procedures were repeated for each patient's CT scan at the L3, L4, L5 and S1 levels bilaterally. 
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articular processes and part of the lamina were removed by using an osteotome and power-drill. The ligamentum flavum was removed to expose the lateral border of the ipsilateral nerve root. With regard to the 5 patients who had bilateral radiculopathy, the central canal and even contralateral lateral recess could be decompressed (10) . After complete decompression of the neural structures, discectomy and end plate decortication were performed followed by transforaminal insertion of an intervertebral tantalum mesh cage packed with autograft materials within the disc space. The compression was achieved across the pedicle screws and rod with set screws, and optimal hardware placement was confirmed by intraoperative fluoroscopy.
Percutaneous Facet Screw Placement
A 1 cm parasagittal incision was made at about one to two levels cephalad to the level of interest. In the A/P view of fluoroscopy, the starting point was located at the intersection of a vertical line drawn at the medial aspect of the pedicles with the inferior endplate of the superior vertebra. A K-wire was implanted percutaneously into the starting point. The lateral view indicated that the ideal trajectory aiming for the center of the contralateral superior articular process of inferior vertebra in order to reach the lateral aspect of pedicle. The lateral and caudal angulation of the transfacet screw was based on our radiological study. A protective tube was implanted along the K-wire direction. Then, the K-wire was inserted along the expected trajectory to the pedicle of inferior vertebrae with a power-drill. Finally, an appropriate length of cannulated screw was placed across the K-wire through the protective tube. The wounds were closed in the standard manner ( Figure 6 ).
Each measurement was taken three times and a mean value was calculated.
Clinical materials and Surgical Technique
A retrospective review was conducted for 56 consecutive patients who underwent TLIF with unilateral pedicle screw and contralateral facet screw fixation (26 patients from November 2009 to July 2010) or bilateral pedicle screw fixation (30 patients from August 2010 to April 2011) at a single institution. All the operations were done by a single surgeon. All patients underwent at least 6 months of nonoperative management before surgery. Patients with previous spinal instrumentation, multilevel pathologies, spinal tumor, spinal infections, acute spinal trauma or fractures, and higher grades (> Grade-I) of spondylolisthesis were excluded. The patients' demographic characteristics were listed in Table I . The minimum duration of follow-up required was 18 months.
█ OPERATIvE TEChnIquE unilateral TlIF Approach
Under general anesthesia, patients were placed in the prone position with an empty abdomen. The approach was carried out unilateral on the symptomatic side. A midline incision, about 6-7 cm, was performed at the level of interest with radiological confirmation by C-arm fluoroscopy. The posterior spinal elements of the operation side, including facet joint and lamina were exposed, extending one vertebrae above and below the involved segments. Pedicle screws were implanted into the vertebral body, and the inferior and superior 
Statistical Analysis
Statistical analysis, including mean values and standard deviations, were carried out using SPSS software v17.0 (SPSS Inc. Chicago, Illinois). Independent-samples t-tests were used for comparing the radiological parameters between males and females, and the continuous variables between groups, such as operating time, blood loss, length of hospital stay, VAS scores, and ODI. Paired-samples t-tests were performed within each group to compare the results before and after surgery, and these were also used to compare the radiological parameters between the left and right side. Chi-square tests were used for categorical variables such as gender, diagnosis, operative level and fusion status. Differences were considered statistically significant at p<0.05.
█ RESulTS
There were no significant differences between the measured values on the left and right sides (p>0.05). Thus the mean corresponding values for all levels were accounted and presented in Table II and III. There were no statistically significant differences between males and females, except the maximum width of the superior facet at L4 and S1, and trajectory length at all levels. The trajectory lengths were 33.47±3.21 mm; 37.43±4.53 mm; 44.67±4.06 mm for males and 28.24±3.68 mm; 33.24±5.32 mm; 42.20±4.74 mm for females at the L3-4, L4-5 and L5-S1 respectively (p<0.05).
Bilateral TlIF Approach
A standard procedure was used involving a midline incision and bilateral pedicle screw fixation. Unilateral facetectomy and decompression was performed on the symptomatic side, and the opposite facet joint remained intact. For those patients who had bilateral radiculopathy, facetectomy and decompression of both sides were carried out.
Data Collection
The operative time, blood loss, and length of hospitalization were recorded for each patient. Plain radiographs and CT scans were performed at last follow-up for each patient to evaluate the proper screw location and the fusion rate (Figure 7) . Fusion rates were assessed with the Bridwell grading system which was composed of the following categories and grades: fused with remodeling and trabeculae present (Grade I); graft intact, not fully remodeled and incorporated, but no lucency present (Grade II); graft intact, potential lucency present at top and bottom of graft (Grade III); and fusion absent with collapse/ resorption of the graft (Grade IV) (2) . Clinical outcomes were collected preoperatively and at last follow-up using the Visual analogue scale (VAS) pain scale for the back and leg and the Oswestry disability index scores (ODI). We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research. No serious complication was found in the BPS or UPFS group. There were 2 cases of postoperative superficial wound infection in the BPS group. Infections were completely controlled by using antibiotics and daily dressing. One case of cerebrospinal fluid leak developed in the BPS group. Neither group showed any signs of screw failure.
█ DISCuSSIOn
Transforaminal lumbar interbody fusion (TLIF), as an operative technique with all the advantages of anterior lumbar interbody fusion (ALIF) and posterior lumbar interbody fusion (PLIF) methods and a much lower complication rate, has been applied widely in spinal surgery (5, 13) . Slucky et al. (15) demonstrated that TLIF with unilateral pedicle screw fixation only provided half of total strength of bilateral pedicle screw fixation by using human cadaveric specimens, but unilateral fixation with contralateral translaminar screw provided a biomechanical stability comparable with bilateral pedicle screw fixation. Su et al. (16) presented an anatomic study of the lumbar facet and described an ideal starting point and trajectory for percutaneous transfacet fixation. Based on Mean length of follow-up for the BPS and UPFS groups were 30.50±7.75 months (range 18 to 46 months) and 31.31±8.40 months (range from 18 to 48 months), respectively. There were no significant differences between the two groups in terms of patient demographics (Table I) . With respect to intraoperative parameters, patients in the BPS group had significantly longer operating time, more blood loss and postoperative hospital stay (p<0.05) (Table IV) . No significant differences of visual analog scale for back and leg pain and Oswestry Disability Index scores were observed between two groups (p>0.05), although all of those records had improved postoperatively in each group (p<0.05) (Table IV) .
Until time of the last follow-up, fusion grades in the BPS group were Grade I in 70.0% (n = 21), Grade II in 26.7% (n =8), Grade III in 3.3% (n = 1), and Grade IV in 0% of patients; in the UPFS group, fusion grades were Grade I in 88.5% (n = 23), Grade II in 11.5% (n = 3), Grade III and Grade in IV in 0% of patients, respectively. Radiological evidence showed that 29 (96.7%) patients achieved successful fusion in the BPS group, and 26 (100%) patients in the UPFS group, showing no statistically significant difference (p>0.05). (16) . We found that the transfacet screw in the axial plane should be laterally angulated (β) 18.43±4.32° (male) at L3-4, 19.97±3.71° (male) at L4-5, and 21.17±2.41° (male) at L5-S1, and in the sagittal plane it should be caudally angulated (γ) 37.25±6.11° (male) at L3-4, 40.18±4.16° (male) at L4-5, and 41.12±8.03° (male) at L5-S1, which are 4° and 10° larger than Su's measurements at the corresponding vertebral body, respectively. There are therefore many differences in anatomical parameters of the lumbosacral facet fixation between Chinese and Westerners.
Based on our anatomical research, 26 patients who suffered from lumbar degenerative disorders underwent transforaminal lumbar interbody fusion with a combination of unilateral pedicle screw and contralateral percutaneous pedicle screw fixation. The average surgical time, blood loss, and length of hospitalization was 132.81±20.80 minutes, 267.31±80.43 ml and 6.15±1.93 days, larger than those of Hsiang reported as 124 minutes, 140 ml and 3 days (4). These differences may explain the reason we used the traditional open TLIF approach in our patients while in Hsiang's research, they used the Wiltse approach, which is a minimally invasive surgery leading between the multifidus and longissimus muscle groups to the facet joint. The improvement of the VAS pain scale for the back and leg and the Oswestry disability index score revealed a good clinical outcome of our patients. The percutaneous placement of transfacet screws has several advantages, minimizing injury of paraspinal musculature, making blood this biomechanical data, Hsiang et al. (4) recently reported a novel technique of unilateral pedicle screw fixation combined with contralateral percutaneous transpedicular facet screw construction. They stated that the report served as a pilot study of this technique based on 40 patients but data on clinical outcomes such as disability scores and fusion rate were still inadequate. In order to demonstrate the feasibility of the percutaneous transpedicular facet screw fixation applied in Chinese adults, the morphometry of the lumbosacral facets of Chinese were measured.
Some of the measurements in our study had been performed by Su et al. (16) and the data of males and females were measured in our study, respectively. According to the parameters we measured, there were no significant differences between males and females, besides the maximum width of the superior facet at L4 and S1, maximum depth of the superior facet at L5, and the trajectory length at all levels. The maximum width of the superior and inferior facet, and the height of the superior facet and inferior facet in our study, were 1-2 mm smaller than those of Su et al. (16) at the corresponding vertebral body. The maximum width of the superior and inferior facet joints and the maximum height of the superior and inferior facet joints can provide an adequate surface area for placement of a screw across the joint. The L2-3 segment was not analyzed in the present study because it was impossible to place an ipsilateral pin through the center of the facet with the vertical orientation of the facet joint (16) . The transverse facet angles (α) we measured as 27.66±5.13° (male) at L3 and 35.52±6.50° (male) at L4 were almost 5° larger than those of Su who loss negligible, and mitigating postoperative pain, for instance. The trajectory of the instrument reduces the potential for canal violation and nerve injury. The lag screw may compress the facet joint, theoretically increasing segmental stiffness and the potential for facet arthrodesis. Su et al. (16) recommends ipsilateral transfacet fixation as a viable alternative method for the L3-4 level and below. It is worth noting, according to our clinical experiences, that it was a little difficult for us to implant the screw right through the center of the facet from the ipsilateral side at the L3-4 level because of the small angle of the facet joint and the obstacle of the spinous process, but it did not seem to impact the effectiveness of the fixation.
Our results suggest that the technique (UPFS) we used in the study will likely prove an attractive method compared to traditional bilateral pedicle screw fixation. No significant differences were found between the two groups in terms of clinical outcomes but the operative time, blood loss and length of postoperative hospital stay in rgw UPFS group was less than in the BPS group. Some may doubt that whether a unilateral approach can allow bilateral decompression. In fact, by compressing the thecal sac cautiously, contralateral decompression can be performed through a unilateral approach by using the rongeur (10) . Five of our patients who had bilateral radiculopathy showed a satisfactory clinical release for both back and leg pain after bilateral decompression using a unilateral approach. Nevertheless, there are some disadvantages of our technique. Compared with Hsiang's method (4), the open approach for lumbar fusion will inevitably cause an injury to the mid-line structures, such as ligaments and paraspinal muscles, which may cause postoperative dysfunction of the spinal muscles, leading to prolonged postoperative back pain (1, 8, 11) . Patients with more than grade 1 spondylolisthesis, spondylolysis, laminal fractures, severe osteoporosis and facet arthropathy, and severe lumbar spinal stenosis requiring extensive bilateral decompression probably are not good candidates for this management. Further analysis and follow-up will be required to determine the long-term outcomes.
█ COnCluSIOn
Transforaminal lumbar interbody fusion for treating lumbar degenerative disorders with unilateral pedicle screw and contralateral percutaneous lumbar transfacet screw fixation might be an attractive technique compared to bilateral pedicle screw fixation because of the similar clinical outcomes but less operative time, blood loss and length of postoperative hospital stay. Nevertheless there were many differences in the anatomical parameters for lumbosacral facet fixation between Chinese and Westerners. 
